Advancements in high harmonic generation (HHG) have led to the development of table-top XUV and soft X-ray light sources for attosecond science [1] . However, the very low conversion efficiency of HHG, particularly for longer wavelength driving laser fields [2] , poses a significant practical limitation for the use of these sources in many experimental applications. We show that a two colour driving field produces a considerable enhancement of the ionization rate compared to a single colour field, leading to huge increases in the HHG efficiency. We use a tunable mid-IR (1300-1600 nm) source as a driving field and a weaker 800 nm beam as an assisting field. By systematically varying the field parameters we observe increases in HHG efficiency of over two orders of magnitude. The enhancement is achieved via subcycle control of the tunnel ionization dynamics in the bichromatic driving field. Calculated subcycle ADK ionization rates near the peak of the one colour (solid black line) and two colour (solid red line) pulse, and calculated ionization times for one colour (dashed black line) and two colour (dashed red line) HHG electron trajectories. The purple dots mark the temporal limits of the ionization window. The energy in the 1300 nm and 800 nm fields are 830 J and 120 J respectively, and the relative CEP between the fields set to zero. Fig. 1a compares the spectrally integrated HHG signal in Kr produced by one colour fields ( = 1300 nm) and two colour fields ( = 1300 nm and = 800 nm). The addition of the 800 nm assisting field increases the HHG yield by up to two orders of magnitude. By systematic scanning of the energy in the 1300 nm, we see that the HHG signal produced by the two colour field is significantly higher than for a single colour field with the same total energy. Fig. 1b shows the calculated ionization times for electron trajectories that contribute to HHG. Even though ionization occurs away from the peak of the field (defined to be at t=0), the two colour rate remains much higher compared to the one colour rate for all HHG energies in the spectrum.
Fig. 1. (a)
Comparison of spectrally integrated HHG signal in Kr gas jets produced by single colour fields ( = 1300 nm, dashed black line) and two colour fields ( = 1300 nm and = 800 nm, solid black line). The energy in the strong 1300 nm beam was varied and the energy of the weak 800 nm beam was fixed at 120 J. For the highest input energy (830 J), the peak intensity of the 1300 nm beam was 1 x 10 14 W/cm 2 . Solid red line: HHG enhancement factors for each input energy. (b) Calculated subcycle ADK ionization rates near the peak of the one colour (solid black line) and two colour (solid red line) pulse, and calculated ionization times for one colour (dashed black line) and two colour (dashed red line) HHG electron trajectories. The purple dots mark the temporal limits of the ionization window. The energy in the 1300 nm and 800 nm fields are 830 J and 120 J respectively, and the relative CEP between the fields set to zero. Fig. 1a compares the spectrally integrated HHG signal in Kr produced by one colour fields ( = 1300 nm) and two colour fields ( = 1300 nm and = 800 nm). The addition of the 800 nm assisting field increases the HHG yield by up to two orders of magnitude. By systematic scanning of the energy in the 1300 nm, we see that the HHG signal produced by the two colour field is significantly higher than for a single colour field with the same total energy. Fig. 1b shows the calculated ionization times for electron trajectories that contribute to HHG. Even though ionization occurs away from the peak of the field (defined to be at t=0), the two colour rate remains much higher compared to the one colour rate for all HHG energies in the spectrum.
A linear dependence of HHG and ionization yield was confirmed by simultaneous measurement of both signals (not shown). Shot-to-shot measurements of HHG and ion yields indicate a weak dependence on the CEP between the two fields that does not affect the basic physics of the interaction. In addition, phase matching calculations show that our scheme is robust with respect to many experimental parameters such as pressure, laser intensity and wavelength. The HHG efficiency depends on control of just a single parameter, namely the ionization rate by the two colour field. In contrast, most schemes for increasing the HHG efficiency rely on phase matching and involve careful control of a large number of experimental parameters. The robustness of this approach makes great strides toward improving the simplicity and practicality of high flux HHG sources.
